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STANDARD EQUATIONS AND 
CONSTANTS 


This complete list of constants, mathematical formulae and physics 
equations is included for reference. It may be useful as an aid to your 
memory but please bear in mind that many of the entries will not be 
needed in this examination. 
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Useful constants 


magnitude of the acceleration 
due to gravity on Earth g = 


Newton’s universal 
gravitational constant 


G 
Avogadro’s constant Nn = 
Boltzmann’s constant k 
molar gas constant R = 


permittivity of free space Ep 7 


1/47 = 
permeability of free space Lp = 
speed of light in vacuum c = 
Planck’s constant h = 

A=hin = 
Rydberg constant R = 
Bohr radius ao = 
atomic mass unit amu (or u)= 
charge of proton e 7 
charge of electron -e 7 
electron rest mass me, = 


charge to mass ratio of 


the electron —e/m, 
proton rest mass My = 
neutron rest mass My, = 


radius of the Earth 

mass of the Earth 

mass of the Moon 

mass of the Sun 

average radius of Earth orbit 


average radius of Moon orbit 


9.81 ms2 


6.673 x 10-7!! Nm?kg~ 
6.022 x 1073 mol"! 
1.381 x 10-33 K-! 
8.314 JK"! mol! 

8.854 x 10°? C?N-! m? 


= 8.988 x 10°Nm*C7? 


4n x 10-7T mA"! 
2.998 x 108ms"! 
6.626 x 104J s 
1.055 x 104Js 
1.097 x 107m~! 
5.292 x 10°! m 
1.6605 x 10-?7kg 
1.602 x 10-!9C 
—1.602 x 10°? C 
9.109 x 103! kg 


= 1.759 x 10" Ck"! 


1.673 x 1027 kg 
1.675 x 1027 kg 
6.378 x 106m 
5.977 x 10%kg 
7.35 x 102kg 
1.99 x 10%kg 
1.50 x 10!'m 
3.84 x 108m 


Mathematical formulae 


_=bt he —dge Derivatives 


* 2a [A, n, k and @ are constants; x, y and z are 
om rad = 360° functions of f] 
sin(@ + 27) = sin(@) dx 
" dt 
cos(@ + 2m) = cos(@) A 0 
sin(—@) = —sin(@) fn ntr-l 
cos(—@) = cos(@) sin(@t) | @cos(@t) 
sin2(0) + cos2() = 1 cos(@t) | —asin(at) 
elt kekt 
tan(@) = ~ A dy 
cos nl 
ay dt 
a-b=abcosé dy dz 
_ ytz i 
a-b=a,b,+ a,b, + ab, dt dt 


axb= (a,b. ~ a-b,, ab, = ayb., a,b, 7 ayb,) 


|a x b|=absin@ 


If “ = av, then U(f) = Uy e” 


ere = ery 
(ey =er 
e* = l/e* 
log.e* =x 
N 
(x) = DP 
i= 


sphere surface area = 417? 


4nr? 


sphere volume = 


Book 2 Describing motion 


Sy =U,t (UV, = constant) xv 
a =vU0 =ra* = — 
Sy = Ut +fa,t? ” 
2m 
Vy = Uy + ayt me Maes 
v2 = u2 + 2a,s, x(t) = Asin(at + @) 
Sy =4(V, +4,)t d*x(t) a, 
di? 
v=utat 
z a2 
x y 
s=ut+4ar? =j=t+>=1 
cs ab 
Sore = R| AO 1 
are | | wee ia _ b?2 
d@| 2mnrad 7 
Ola | oF ie 
e 
_ 2ar | 


= =F 


T 


Book 3 Predicting motion 


F=ma 
W=mg 
Fy = ems x 
r 
F, max — UstaticN 
F= UsigeN 
F= 6nnRv 
Femro* = ae 
r 
Fy = =hy 
Fa aon 
k, 
T= an = 2 ff 
& 
Frans a 4mv? 
W=F-s 
Pec = mgh 
Este = Lkx? 
os —Gmm 
r 
FR dE pct 
: dx 
P — aw = F.- U 


x(t) = (Ape) sin(@i + @) 


2n x total stored energy 


7 average energy loss per oscillation 


Fo/m 
(a2 -— 22)? + (Qb/my? 


p=mv 
iP 
dt 
T=rxF 
v=oxr 
_ do 
dt 
T= Yimin; 
Exo =z 10? 


W=I A@ 

P=TI-a 

l=rxp 
L=Ilo 
_aL 
dt 


Book 4 Classical physics of matter 


p= ae m x (number density) Uae 
@ AU=QO+W 
pa Ge 2. 
a AT 
M,, = M, x103kg = N,,m f 
C =—nR 
1a 2 
V dr Cp=Cy+nR 
1 dV 
aT EE aia2 
V dP Cy 
PV =nRT = NkT 
i PV=I 
U ~ SF nRT ~S yer PV’ =A 
2 2 
Q 
(Pirans) = 3kT AS = es 


p= Aebikt 


P. V: 
; : 5 = i8) = Cy log.| — | Cp len.| 
FS (v) = But exp( — mu*/2kT) P V 


Or S=klog.W 
B=A4n 
(=) W f, 
7] =— ST _ — 
[OKT Or, Th 
Uv = —— 
mp m Oe. a 
w= Wok. 
77) P=P4yt+pgz 
3kT P(z) = P(O)exp(—z/A) 
Urms = 4] 
a ,-# 
g(E)=CVE et mg 
5) 1 3/2 U2 _ A 
C =—| — sae nap 
Fla) a 
i B50 _ 
Exp = 1 kT P+ x Pun + pgh = constant 
AU 
_3 7 
(Etot) = fir Ri PLyvo 


7 


Book 5 Static fields and potentials 


Gmym »~ 
Fy =-—_—? 
Tav 
g a) 
_ | Gm. 
ed => > T 
4né) r 


F,,., (on m at r) = mg(r) 


F, (on q at r) = ger) 


O 7 
“= es jr 


Gmm 
Foray o a 
r 
He 1192 
Anéor 


Eq (with g at r) = qV(r) 


eo 
oe) 7 4) r 


_dV(r) 
dx 


€,= 


Ree = DR, 
iy 
Ree i Rj 
2 
P=iV =?R= 
R 


F,, = 4 [vx BYr)| 


Mol 
B(r) = — 
”) 2ur 
_ MoNi 
centre OR 
pa tom 


l 
F= qr) + vx Br) 


_ 1 |q|B 
fo= 2a m 
™|Uperp | 
Rc = Pp 
|q|B 
Va enue 
nqt 


F,, = [ix Br)] 


F., = Bil 
FF _ Mohit 
I 2nd 
I’ =iAB 


Book6 Dynamic fields and waves 
@ = ABcosé 


dg(t) 

dt 

di(t) 
dt 


Vina (| = 


Vina()| = q 


i(t) = [A J( =e) 


F vase = hn: 


V. = max 
max oC 
4 
vic 
K,@|= M| SO 
dt 
Ae LUNN LA 
i 


N. 
mola LA) 


y = Asin(kx — of) 


k= 
A 
_2n 
r 

7) 

v= fraz=— 

f k 
v= 2 
ya 


Sobs = fon : 


viV 


Sobs = fou| =") 
U 


- 


y(x,t) = 2Acos(at)sin(kx) 


sinr Uy mM 
oe Uy _ 
sinigit =— = — 
M2 my 


nd = dsin@, 


ese 


P=\/f 
Piggi= Py + Py + Pa + x 


2 
light-gathering power = Po 
Dy 


maximum light-gathering power 


2 2 
De te 
exposure = J At 


F-number = 


J 
D 


(Continued overleaf) 


AT = —————— 
Vl-V/c? 
Io = ui 7) 
i 
(é 
x =y(x-Vt) 


we 1 
2 
pes 
Cc 
eo ed oi 
~~ Vou 
= * 
e 
we mu 
1—v*/c? 
Fe- dp = a mv 
ft dt\ Jl—v*/e? 
2 
mc 
Erot = 
1-v*/c? 
Ena = MC 
2 
Eeae = 


me ‘ 
————— - me 
fl —v?/c? 

EZ, = pec? +m'c* 


E=cp 


Book 7 Quantum physics: an introduction 
E=hf 


+ MVinax = hf -@ 


h 
Ax Ap, 2 = 
ety, 


AE At> © 
2 


dy 2m 

= + 52 (Feo = Enot(X))W — 0 
h7k 

2m 


n?h? 
~ 8mD2 
2 
~ 8mD2 
P=|w) Ax 
P=|w(r) PAV =| Wr) ? 427? Ar 


E _..! m.e* __ 13.6eV 
= n2 Shes n2 


tot (n? + nz +n) 


L=J/ll+\h 
L,=mh 
S=Js(st+Di 


S,= mh 


Book 8 Quantum physics of matter 


3/2 N 
2N( 1 _ 2INm 
G(E)=—=|—| VE xe E/AT ca 
vn (a) Ym 
D(E) = BNE D,(E) = B'VE 
3 ,_ 4nV 3/2 
1 
= ! G{b)= BWE x_—_____—_ 
FR(E) = eE-m/iT _ : e(E-Ep)/AT 4.4 
1 he (3n\0 
B®) eA /AT _] = | 
_ 1 U = 3 NE, 
F(Z) = e(E-Ep)/kT 4 | : 
ms) 
D,(E) = CE? ee 
1 dN _ 
_— CR —=-AN 
G,(£) = CE x QElkT —1 dr 
C= 8nV/h3c3 N(d) = No exp(-A0) 
N=2.4C(kT)3 
4 
Tt 
U=—cCary 
5 (AT) 
=e 
3V 


[END OF BOOKLET] 
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